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MuKpob qyMBi Yersinia pestis jiBJBieTCJi ymiKajiBHBiM b po/je Yersinia (Enterobacteria- 
ceae), BKJiioHaiomHM B036y/mTejien KiimeHHBix HH^eKiinii, no cnocoby nepe^ami Me^c^y 
xo3^eBaMH yxycaMH 6 jiox, uto CBH^eTejiBCTByeT 06 ymiKajiBHBix npnpo^HBix obcTOflTejiB- 
CTBax ero BH/ioo6pa30Bamw. noKa3aHO, hto npeo6pa30BaHne nonyjnmnn (KJioHajiBHoro 
KOMnnexca) nceB^OTy6epKyjie3Horo MHKpoSa E pseudotuberculosis 0:1b b nonyjnmiiio 
MHKpoSa qyMBi npoxo^nno b napa3HTapHoii cncTeMe MOHrojiBCKnn cypoK-Tap 6 araH Mar- 
mota sibirica — 6 jioxa Oropsylla silantiewi . HH^yKTOpoM BH^oo6pa30BaTenBHoro nporjec- 
ca 6 bijio nocjie/tHee MaKcnMajiBHoe (capTaHCKoe) noxojiojjanne b ceBepnoii n itenTpajiB- 
hoh A3hh n, Kax cjie/jcTBiie, rjiyboicoe npoMep3aHne rpyHTa, BBi3BaBmee MO^H^HKaitnoH- 
hbih c^Bnr b noBe/jemra JIHUHHOK 6 jioxh — nepexojj b 3HMnne Mec^qBi ot canpo^aran 
b rHe3^0Boii BBicTHJiKe k (J)aKyjiBTaTHBHOH reMaTO(j)arnn na Tene cmmjHX cypKOB. CicapH- 
(^HKaiinn, co3^aBaeMBie JinqnHKaMH 6 jiox b poTOBoii nonocTH cmmjnx cypKOB, cTann 
«bxoahbimh BopoTaMH» /jjm MaccoBoro TpaBMaranecKoro 3apa^ceHM cmmmx ^chbothbix 
nceB£OTy 6 epKyjie 30 M n B03HHKHOBeHim y hhx HHTeHciiBHoii SaKTepneMnn — o6^3aTejiB- 
Horo CTapTOBoro TpeboBamw ajm ^opMupoBamni TpaHCMncciiBHon nepe/janii B3pocjiBiMH 
OnoxaMH. 

Kmoueebie cjioea : npnpo/jHBie onarn qyMBi, Yersinia pestis , nepeHOcnmoi qyMBi, Oro¬ 
psylla silantiewi , reMaTO^ariw jihhhhok 6 jiox, capTaHCKoe noxono/jamie. 

B coBpeMeHHBix ycJiOBHJix nyMa ocTaeTcn aKTyajibHon npoSneMoft 3/tpaBo- 
oxpaHerora b Pocchh h mhotux cTpaHax A3HH, A^pracn n AMepmcn (Ka- 
Aacrp..., 2016). Ee peinemie bo MHoroM 3aBncnT ot 3HaHH5i ecTecTBeHHbix npo- 

IteCCOB (jlOpMHpOBaHIM CBOHCTB BblCOKOH BHpyJieHTHOCTH H naTOrOHHOCTH B03- 

SyAHTejm 3 toh 6ojie3HH — MHKpo6a Yersinia pestis. TeopeTHnecKne 3HaHira 
pacnmpmoT bo3mo^chocth HanpaBJieHHoro noncica 6ojiee coBepmeHHbix 
Cpe^CTB H MeTOAOB ^HaTHOCTHKH, JieueHHfl H TipO(J)HJiaKTHKH 3T0H oco6o onac- 
HOH HH^eKItHH. 

H3BecTH0, uto npqMbiM npe^KOM B036y^HTeJiq uyMbi qBjnieTcq npe^CTaBH- 
TeJib ceMencTBa KnmenHbix SaKTepnn Enterobacteriaceae — B036y;iHTeJib 
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nceB£OTy6epKyjie3a 1-ro ceporana Y. pseudotuberculosis 0:1b (Skumik et al., 
2000). 3apa5KeHne xo3neB nceBaoTy6epKyjie30M nponcxoaHT ajiHMeHTapHbiM 
nyreM npn noTpe6jieHHH nnii^H, odceMeHeHHOH MHKpoSaMH nepe3 mo^ h 3k- 
CKpeMeHTti 3apa)iceHHbix hchbothbix (Comob h ap- 5 2001). TpaHCMHccHBHoe 3a- 
pa^ceHHe nepe3 yKycbi 6 jiox a™ otoh nH(j)eKipffl HBJineTCH KpaiiHe peaKHM co- 
SbiTHeM, cjiynaeTCH TOJibKO y HMMy ho cynpecoupo b aHHbix hjih CTpeccnpoBaH- 
HblX )KHBOTHbIX H TOJibKO £>JIOXaMH, o6HTaK)II],HMH B XOJIOaHOH CpeaO (npH 

hh 3 khx nojio^CHTejibHbix TeMnepaTypax) (raiiayKOBa h ap -, 1975; rojiOBaneBa, 
}Kobtbih, 1978; BanjeHOK, 1988). SnHaooranecKHe nocjieacTBHH npn otom He 
oneBHaHbi. B to nee BpeMH nyMa — TpaHCMHCCHBHan HH^eKiara, ajiHMeHTap- 
Hbiii nyrb 3apajKeHH5i HBJineTCH a™ nee He ranHHHbiM. B oraHHHe ot Bcex apy- 
thx npeacTaBHTejieii poaa Yersinia , k KOTopoMy MHKpoS nyMbi OTHeceH no 
MOJieKyjiMpHO-reHeTHnecKHM h dnoxHMHHecKHM npH3HaKaM, npn nyMe 3apa- 
nceHne ^chbothbix ocymecTBjmeTCH npeHMymecTBeHHO nepe3 yKycbi 6 jiox (Jlo- 
MapaacKHH, 1998; Butler, 2014). TaKoe ymncajibHoe nojio^ceHHe cpean nepcn- 
hhh npeanonaraeT yHHKajibHbie ycJiOBHH h yHHKajibHbiii MexaHH3M ero BHao- 
o 6 pa 30 BaHH^. 

B HacTonmee BpeMH b npoSneMe npOHCxo)KaeHHH B036yaHTejm uyMbi h re- 
He3Hca TpaHCMHCCHBHOH nepeaann cjio^hjiocb 2 ochobhbix noaxoaa: MOJieKy- 
jmpHO-reHeTHuecKHH (Mr) h OKOJiorHnecKHH. 3 th noaxoabi aojDKHbi 6biTb aa- 
anTHBHbiM, B3anMHO aonojnunomHMH apyr apyra, TeM He MeHee b cbh 3 h c Me- 
TOaOJIOTHUeCKHM HeCOBepHieHCTBOM Ka^CaOTO H 3 nOaXOaOB, HHTepnpeTaU.HH 
aaHHbix h caojiaHHbie Ha hx ocHOBe BbiBoati paaHKajibHO pa 3 JiHuaiOTCH. 


MOJIEKYJIilPHO-rEHETHHECKHH IlO^XOfl 

Mr-MeTOaaMH noKa3aHO, hto MHKpob nyMbi — B036yaHTejib cnCTeMHOH 
(KpOBHHOil) HH(^eKU,HH B OCHOBHOM MeJlKHX HOpOBbIX MJieKOnHTaiOin,HX, npeH- 
MymecTBeHHo rpbi3yHOB (Rodentia) h muriyx (Lagomorpha: Ochotona) — jxyt- 
BeprnpoBaji ot ncHxpo^HJibHoro canpo300H03Horo nceBaoTy6epKyjie3Horo 
MHKpoSa 1-ro cepoTHna Y. pseudotuberculosis 0:1b — B036yaHTeJiH KHuieu- 

HOH HH^eKIJHH IHHpOKOTO Kpyra TenJiOKpOBHbIX HCHBOTHbIX (b OCHOBHOM MJie- 

KonKTaioianx) — b HeaaBHeM 3 bojhou;hohhom nponuiOM, He paHee 28.7 tbic. 
jieT Ha3aa, b A 3 hh b nonyjiHUiHH(Hx) KaKoro-Jinbo BHaa nojieBOK (Microtinae) 
(Morelli et al., 2010). K TaKOMy KOHceHcycHOMy BbiBoay Mr-nccJieaoBaTe- 
JIH npHHIJIH Ha OCHOBaHHH BblCOKOTO CXOaCTBa OIIpeaeJieHHbIX Mr-MapKepOB 
y HiTaMMOB BoabyaHTeJiH nceBaoTy6epKyjie3a 1-ro ceporana h «noJieBKOBbix» 
noaenaoB h OMOBapoB nyMHoro MMKpooa (caucasica, hissarica , talassica , altaica , 
ulegeica , microtus , qinghaiensis , xilingolensis , Pestoides, Microtus, Angola). 
OanaKo, HecMOTpH Ha oneBHaHbni KOHceHcyc Mr-HCCJieaoBaTejien, cjieaycT 
npH3HaTb, HTO Mr-(J)HJlOreHHH He COOTBeTCTByiOT MHOTHM $^KTaM, npeaCTaB- 
JieHHblM KJiaCCHHeCKHMH MeaHKO-6HOJIOrHHeCKHMH HayHHbIMH HanpaBJie- 
hhhmh (oKOJiorneH, 6noreorpa(|»HeH, MHKpodHOJiorneH h ap ) (CyHijOB, 
2016a,6). 

HoBbie nonyjiHpHbie h, KaK CHHTaiOT, Handojiee coBepmeHHbie Mr-MoacjiH 
npeo 6 pa 30 BaHHH nonyjiHu,HH (KJiOHajibHOro KOMnneKca) nceBaOTy 6 epKyjie 3 HO- 
ro MHKpoda b nonyjiHu,HK> B 036 yaHTejin nyMbi b KanecTBe CTapTOBOH (npnopH- 
Teraoii) cpeabi BHaoo 6 pa 30 BaHHH paccMaTpHBaiOT jih 6 o nonyjunj,HH 6 jiox-ne- 
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peHOCHHKOB, jih6o nonyjnmHH nojieBOK-xo3^ieB. B o6ohx CJiyuaax BHAOo6pa30- 
BaHne npeACTaBraiOT Kaic KOM6nHaTOpHbiii nponecc, cymHOCTbK) KOToporo 
ABiDieTCfl ropH30HTajiBHbiii nepeHoc reHOB (mr), BTcmouafl SoJibiime no pa3- 
MepaM reHeTnnecKHe CTpyiaypbi (njia3MHABi ? TpaHcno30Hbi, 4>arn, ocTpoBa na- 
ToreHHOCra), H3 BHeniHen (BHeKJieTOHHon) cpeAti hjih ot Apyrnx )khbbix opra- 
hh3mob, npe^CA^ Bcero mhkpo6ob, a Taic^ce ^ejieu,mi/iiHaKTHBau 1 nn reHOB, yrpa- 

THBIIIHX (^yHKIJHH B HOBOH Cpe^e o6HTaHH$I. ripnOpHTeT 6JIOX CBH3bIBaK)T CO 
CTapTOBbiM mr B reHOM nceB£OTy6epKyjie3Horo MHKpo6a ym^-reHa, (jiaiCTOpa 
TpaHCMHCCHH, KOTopbiii pa3Mem;eH Ha Sojibrnon nojm^yHKijHOHajibHOH cne- 
qn^HHecKon jxjin MHKpo6a uyMbi mia3MHAe pFra (pMT) n Ko^npyeT npoijeccbi 
(J)opMHpOBaHn^ SnonjieHKH b opraHH3Me 6jioxh, tcm caMbiM oSecneuHBaeT 
B03HHKH0BeHne mhkpo6hoto 6jiOKa npeA^cenyAKa n cneu,HajiH3npoBaHHyio 
«6jiOKOByK)» nepe^any b nonyjnmHH xo3^eB-nojieBOK (Sun et al., 2014). ripno- 
pHTeT xo3^eB-nojieBOK CBH3biBaiOT co CTapTOBbiM mr pla-YtYidi, KOAHpyiomero 
Ha Majion TaoKe nojin(})yHKtiiHOHajibHOH cnenn^nuecKOH TOJibKo MHKpo6a 
uyMbi njia3MHAe pPst (pPCP) aKTHBaTOp mia3MHHoreHa., (jiaKTop BHpyxteHTHO- 
CTH, oSeCneUHBaiOmHH AHCCeMHHaiJHK) MHKpoSa B OpraHH3Me X03HHHa n Ha- 
CTynjieHne khtchcmbhoh OaKTepneMnn, 6e3 KOTOpon TpaHCMHCCHBHaa nepe^a- 
ua MHKpoSa uepe3 yKycw 6jiox HeB03Momia (Hinnebusch et al., 2016a). 06a 
(jiaKTOpa — TpaHCMHCCHH (ymt) h BHpyjieHTHOCTH (plci) — eAHHbi b noAAep)*ca- 
hhh HH^eKnnOHHOro nponecca npn uyMe, ho cneHapneB hx Korepenmoro (oa- 
HOMOMeHTHoro) BHeApeHH^i (acquisition) b tchom SyAymero uyMHoro MHKpo6a 
MT-hoaxoa He npeAJiaraeT. B OTJiHune ot MT-noAXOAa OKOJiorHuecKHH noA- 
xoa ne paccMaTpHBaeT ajibTepHaTHBy o npnopHTeTe nonyji^u,HH jih6o xo3flHHa, 
jih6o nepeHOCHHKa b nponcxo^CAeHHH MHKpo6a uyMbi. Flapa3HTapHafl CHCTeMa 
rpbiayH—6jioxa paccMaTpHBaeTOi Kaic eAHHaa, KOHCOJiHAHpOBaHHan cpeAa, b 
kotopoh coBepmajiHCb Bee nonyji^nHOHHO-reHeTHuecKHe co6bmni, 3aBepniHB- 
mHeca BHAOo6pa30BaHHeM MHKpo6a Y. pestis. 


nOCTYJIATbl TEOPHH nPOHCXO^EHHH MHKPOEA HYMEI 

Bojibuioii o6ueM 3HaHHH, HaKonjieHHbix 3a nocneAHHe nojiTOpa—Ana acch- 
THJieTHM MeAHKO-6HOJlOTHUeCKHMH HayHHbIMH HanpaBJieHHHMH, n03B0JHieT 
c^opMyjinpoBaTb nocTyjiaTbi, Heo6xoAHMbie h AOCTaTOHHbie ajhi noHHMaHim 
MexaHH3Ma (J)OpMHpOBaHHJI TpaHCMHCCHBHOH nepeAaHH, KOTOpblH MO^CeT 6bITb 
nono^ceH b ocHOBy TeopHH npoHCxo^Aemra B036yAHTera uyMbi: 

1. HenocpeACTBeHHbiM npeAKOM Y. pestis HBJineTcn ncHxpo^HJibHbiii canpo- 
30o6HOHTHbiii MHKpoS Y. pseudo tuberculosis 0:1b (Skumik et al., 2000). 

2. Yersinia pseudotuberculosis 0:1b oSnTaeT b SuHapHOH cpeAe — MepTBoii 
opraHHKe BHeniHeii cpeAti (Moue, 3KCKpeMeHTax) h opraHH3Me TenjioKpoBHbix 
)KHBOTHbix b xojiOAHbix paiiOHax CeBepHOH h U,eHTpajibHOH A3 hh h /JaJibHero 
BocTOKa (Fukushima et al., 1999, 2001). 

3. /JyBepreHq™ Y. pseudotuberculosis 0:1b h Y. pestis npoiruia b A 3 hh, TAe ot- 
MeueHO HanSojibrnee BHyTpHBHAOBoe pa3HOo6pa3ne Y. pestis (Achtinan, 2012). 

4. /^HBepreHAim HMena MecTO He paHee 28.7 tbic. JieT Ha3aA, t. e. b KOHije 
no3Anero rnieiiCToneHa—rojioneHe (Morelli et al., 2010). 

5. OopMHpOBaHHe MHKpo6a uyMbi npoxoAHJio b reTepoTepMHbix ycnoBrax 
SnHapHOH (rocTajibHOH / BHerocTajibHoii) cpeAti, o ueM CBHAeTejibCTByiOT TeM- 
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nepaTypH0-3aBHCHMbie H30(|)epMeHTHbie CHCTeMbi MeTa6ojiH3Ma (Rebeil et al., 
2004; Anisimov et al., 2005). 

6. B opraHH3Me 3HMHecronn,nx >KHBOTHbix, npeSbiBaiomnx b coctoahhh 
Topnopa, HHTCHCHBHOCTb HMMyHHbIX peaKIJ,HH HaXO^HTC^ Ha HH3KOM ypOBHe, 
hto 3HaHHTejibHO noBbiniaeT HH(J)eKu,HOHHbiii pHCK (Prendergast et al., 2002). 

7. Bo36yAHTejib nceBAOTy6epicyjie3a jiBjnieTCfl He 3apa3HbiM, HanpaMyio ot 
OAHoro >KHBOTHoro k ApyroMy nceBAOTy6epKyjie3 He nepeAaeTCfl (Comob h 
AP-, 2001). 

8. TpaHCMHCCHBHaa nepeAana mhkpoSob Y. pseudotuberculosis h Y.pestis 
b npnpoAe ycneniHO ocymecTBjnieTCJi SnoxaMH xojioaojhoShbbix bhaob poaob 
Citellophilus , Neopsyllci , Oropsylla b xojioahbix ycjiOBmix (rome 15 °C) (Bh- 
SnKOBa, KjiaccoBCKHH, 1974; TaiiAyKOBa h AP-, 1975; TonoBaneBa, }Kobtbih, 
1978; Bamenoic, 1988; Ea 3 aHOBa h AP-, 2004; Williams et al., 2013; Hinnebusch 
et al., 2017a, b). 

9. CTapTOBoii (})opMOH HyMHoii HH(J)eKAHH 6biJia 6ojiee npHMHTHBHa^ cen- 
THneMHnecKa^ (He 6y6oHHaa) (Sebbanne et al., 2006). T. e. HCxoAnaa (|)opMa 
nyMHoro MHKpoSa b opraHH3Me 3apa)*ceHHoro ^khbothoto HMena hckjiiohh- 
TejibHO reMaToreHHoe pacnpocTpaHeHHe hoao6ho paHeBoii HH(})eKAHH. 3bojho- 
h,hohho 6onee «npOABHHyraji» 6y6oHHaa $opMa c jiHM^oreHHbiM pacnpocTpa- 
HeHHeM flBJIfleTCfl BTOpHHHOH, aAAHTHBHOH K nepBHHHOH CenTHH,eMHHeCKOH. 

10. TaK KaK BHyTpeHHH^i cpeAa TenjiOKpOBHbix )khbothbix CTaGnjibHa, nOA- 
Aep^cHBaeTc^i MexaHH3MaMH roMeocTa3a h cTa6HJiH3HpyiomHM ot6opom, npn- 
HHHOH BHA006pa30BaHH5I H (JjOpMHpOBaHIUI yHHKaJIbHOrO CnOCo6a TpaHOMHC- 
CHH MHKpo6a HyMbI MOraa 6bITb TOJIbKO MHrpan,H^/HHTpOAyKH,HH, BbI3BaHHan 
H3MeHeHH^MH BHerocTajibHOH cpeAM o6HTaHHH nceBAOTy6epKyjie3Horo mhk- 
po6a. 

1 1 . OCHOBHbIM peneHTHbIM Heo6paTHMbIM TJloSaJlbHblM npHpOAHbIM C 06 bl- 
THeM b paiiOHax AOMHHaHTHoro pacnpocTpaHemni Y. pseudotuberculosis 0:1b 
6biJio HacTynjieHHe MaKCHManbHoro capTaHOKoro noxoJiOAamni 22—15 Tbic. 
neT Ha3aA b CeBepHoii h IJeHTpajibHoii A3hh h Ha /JaxtbHeM BocToice. CpeAHe- 
roAOBbie TeMnepaTypbi b Mohfojihh onycrajincb Hm*ce -6 °C, h rpyHT CTait 
npoMep3aTb Ha rjiySnHy ao 4 m (Owen et al., 1998). 

12. JIhhhhkh xojioaojhoGhbbix 6jiox poaob Oropsylla , Neopsylla , Citello- 
phyllus h AP- b xojiOAHbie Mecjnjbi roAa b xojioahbix paiiOHax MHpa nepexoA^rr 
ot canpo(J)arHH k reMaTO(})arHH. B ocHOBe TaKoro (JmtcyjibTaTHBHoro noBeAe- 
rora jthhhhok 6jiox jie>KHT npocTeiffliaa noBeAeHnecKaji peaKiimi — nojiomi- 
TejibHbiii TepMOTaKCHC QKobtbih, IlemKOB, 1958; Rothschild, 1975; riayjijiep, 
1980). 

KoHOOJiHAaijHfl 3thx nocTyjiaTOB Ha ocHOBe nojio^ceHHH coBpeMeHHoii chh- 
TeTHHeCKOH TeOpHH 3BOJHOAHH, yTBep^CABK)HI,eH nOnyJHmHOHHblH nOAXOA B 
Bonpocax 3bojhoahh h nocTeneHHbm aAanTainioreHe3 bhobb (jDopMHpytomnxcfl 
BHAOB, n03BOJIiieT BOCC03AaTb yHHTapHblii 3KOJIOTHHeCKH BaJIHAHblii CH,eHapHH 

BHAOo6pa30BaTejibHoro nponecca: MHKpoS nyMbi Y. pestis AUBeprapoBaji ot 
nceBAOTy6epKyjie3Horo MHKpo6a Y. pseudotuberculosis O: lb b reTepoTepMHoii 
h reTepOHMMyHHOH cpeAC — napa3HTapHOii CHCTeMe cypOK-Tap6araH ( Marmo- 
ta sibirica) —6jioxa Oropsylla silantiewi b ycjiOBmix MaKCHManbHoro (capTaH- 
ckoto) noxojiOAamm KJiHMaTa I^eHTpajibHoii A3hh 22—15 tbic. JieT Ha3aA- 
^ajibHeiima^ aAanmBHafl paAHan ha hcxoahoh nonyjnnjHH ocymecTBjnuiacb no 
npHHAHny «MacJiiiHoro mrraa», pacnojmioinerocji H3 AeHTpanbHO-a3HaTCKHX 
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nocejieHHH cypica-Tap6araHa no o6mnpHbiM apn^HbiM npocTpaHCTBaM EBpaann 
(CyHu,OB, Cym^OBa, 2000, 2006). 3tot aKcnoMaTHnecKnii cqeHapnn ynnTbiBaeT 
Bee H3Jio)KeHHbie Bbime Te3ncbi-nocTyjiaTbi, BKinonan Mr-^amibie, n paccMaT- 
pnBaeT (f)H3HOJiornK) n noBeAemie cypKa-Tap6araHa n cypKOBoii 6jioxh O. si- 
lantiewi KaK ocHOBHbie npeAnocbuiKn BHAOo6pa30BaHira MHKpo6a nyMbi. 


YHHKAJIBHOE IIOBEflEHHE H 3HMHJM rETEPOTEPMHH X03HHHA 
BJIOXH 0. SI LAN TIE WI KAK rOCTAJIBHBIE OAKTOPBI BH r HOOBPA30BAHHiI 

MHKPOBA HYMBI 

KaK mm noKa 3 ajin paHee, hcxoahbim xo3hhhom MHKpo6a nyMbi nBJineTCn 
MOHrojibCKnn cypOK-Tap6araH (CymjOB, Cym^OBa, 2000, 2006). 3Ty ponb moh- 
roJibCKoro cypKa npeAonpeAejinjin 2 npeAnocbuncn: (J)H3nojiorrni cypKOB KaK 
reTepOTepMHbix 3HMHeciunn;Hx ceMenHO-KOJiOHnajibHbix ^chbothbix h cnenjn- 
(J)HHecKoe noBeAGHne cypKa-Tap6araHa npn no^roTOBKe k 3HMHen cronnce. 

H3BecTHO, hto 3HMHecroinj;HM )KHBOTHbiM CBOHCTBeHHa reTepoTepMira. 
B TeneHne xojioahoto nepnoAa roAa cypKH, 3HMyK>mne ceMbUMH, HacnnTbiBa- 
k)ih,hmh ao 22—24 3BepbKOB, He chhxpohho npocbinaiOTCn 10—30 pa3, npn 
3 tom TeMnepaTypa Tena (T x ) OTHOCHTejibHO SbiCTpo b TeneHne ot HecKOJibKnx 
nacoB ao HecKOJibKnx cyTOK MemieTCn b Anana30He 5—37 °C (Arnold, 1988, 
1993; Oilman, Heldmaier, 2000). Y ^chbothbix, npe6biBaK>m,nx b coctouhhh 
raySoKoro CHa, T x npn6jin)KaeTCn k TeMnepaType OKpy^Kaiomen cpeAfci, naAaeT 
HHTeHCHBHOCTb MeTa 60 JIHHeCKHX npOIjeCCOB, HHaKTHBnpyeTC^ HMMyHHan 
cncTeMa, B03HHKaeT cocTo^Hne piMMyHocynpeccHH n MHoroKpaTHo yBernmn- 
BaeTCn pncK reHepajin3an,HH hh^ckahh, npoHHKmnx b opraHH3M )khbothofo 
H aKaHyHe hjih bo BpeMn cronncn (Prendergast et al., 2002; Carney et al., 2003; 
Bouma et al., 2010). B 3 toh reTepOTepMHon cpeAO, KaK mbi nonaraeM, coBep- 
majincb ocHOBHbie coSbiTira BHAOo6pa30BaTeJibHoro npoijecca — aAanTaiAni k 
4>aKTopaM KJieTOHHoro n ryMopanbHoro HMMymrreTa cypKa no TeMnepaiyp- 
HOMy BeKTopy 5^37 °C (5—10 °C — TeMnepaTypHbin npe^epeHAyM BHe- 
rocTajibHoro (JieHOTnna nceBAOTy6epKyjre3Horo MHKpo6a 5 37 °C — TeMnepa¬ 
TypHbin npe^epeHAyM rocTajibHoro (jieHOTnna MHKpo6a nyMbi) (CymjOB, 
2014). TeTepOTepMiDi cypKOB flBjmeTCH OTAajieHHbiM ^aKTOpOM BHAOo6pa30Ba- 
mm MHKpoSa nyMbi. 

BTopan npeAnocbniKa — cneitn^nnecKoe noBeAemie MOHroJibCKoro cypKa, 
xapaKTepn3yiomeeai ycTponcTBOM «npo6Kn» b 3hmobohhoh Hope H3 CMecn 
MeJiK03eMa, njeSmi n coScTBeHHbix 3KCKpeMeHTOB — TaK^Ke oTAajieHHan. OHa 
C03Aajia ycnOBnn a™ yCTOnnnBOro nonaAamDi 3KCKpeMenrOB, a c hhmh kh- 
menHoro MHKpoSa nceBAOTy6epKyjie3a, b poTOByio nojiocTb roTOBnmnxcn k 
C miHKe )KHBOTHbIX, TJJ,Q 3TOT MHKpoS COXpaHHeTCH B TeneHHe Bcero 3HMHerO 
nepnOAa. CoraacHO mjemce Ep6aeBOn (1970), MOHrojibCKnn cypOK-Tap6araH 
KaK caMOCTOUTejibHbin bha M sibirica c(J)opMnpoBajicn He no3Anee paHHero 
njiencTon,eHa, t. e. HaAO nojiaraTb, TaKoe cneiAH^nnecKoe HopocTponTenbHoe 
noBeAOHne MOHroJibCKoro cypKa bo3hhkjio 3aAOJiro ao nouBJieHnu MHKpo6a 
nyMbi. 


7 


3KOJIOrHHECKHE OCOEEHHOCTH EJIOXH 0. SILANTIEWI 


Cneipi^HHecKoe noBeAeroie cypKOBOH Gjioxh O. silantiewi — (jiaKyjibTa- 
THBHan reMaTo^arnn jihhhhok Ha cnnmHx cypxax — cocTaBHJio TpeTLio npeA- 
nocbuiKy BHAOo6pa30BaHH^i MHKpoGa nyMbi. npe3eHTatAin otoh npeAnocbuiKH 
cocTaBJineT ocHOBHyio i^ejib HacTonmeii CTaTbH. 3Ta npeAnocbiJiKa — peijeHT- 
Han. OHa CTajia HenocpeACTBemibiM HHAyKTOpOM BHAOo6pa30BaTejibHoro npo- 
ijecca, oSecnenHJia MaccoBoe npnMoe npOHHKHOBeHne nceBAOTy6epKyjie3Horo 
MHKpo6a TpaBMaTHHecKHM (paHeBbiM) nyreM b KpoBb xo3nmia h pa3BHTHe 6ax- 
TepneMHH — o6n3aTejibHoro ycjiOBHn rjik ocyinecTBJiemin TpaHeMHCCHBHoii 
nepe^anH b nonyjinijHnx xo3neB nepe3 yxycbi Gjiox. 

Kax cjieAyeT H3 Harnero 3KOJiorHnecKoro cijeHapHn, BHeApenHe nceBAOTy- 
6epKyjie3Horo MHKpo6a b KpOBb hcxoahoto xo3nmia CTano B03M0)KHbiM Gjiaro- 
Aapn xHmHHnecKOMy noBeACHHio jihhhhok 6jioxh O. silantiewi , KOTopoe CTano 
npHHHHOH MaccoBoro TpHBHajibHoro paHeBoro «3apa)KeHHn kpobh» xo3nmia. 
JJjw 3Toro He noTpe6oBanacb 3BOJiK)AHOHHan cneipiajnmiiHJi GyAymero nyM- 
Horo MHKpo6a Ann npeoAOJiemin 3nHTejiHajibHoro 6apbepa b potoboh nonocTH 
cypKa, a MexaHH3M cneipiajiH3HpOBaHHoro npOHHKHOBemin nceBAOTyGepKy- 
jie3Horo MHKpo6a nepe3 onmejiHii TOHKoro KHinenHHKa (M-kjictkh) y npOH3- 
BO^HOrO MHKpo6a nyMbi HHaKTHBHpOBaJICfl. 

Bjioxh po^a Oropsylla nBJiniOTcn xojiOAOJiioGHBbiMH BH^aMH (Ho^cji, 1941; 
EnGmcoBa, KjiaccoBCKHH, 1974; Williams et al., 2013; Himiebusch et al., 2017a). 
B IJeHTpajibHoii A3 hh MecTo oGHTaHHn O. silantiewi BHe xo3nmia — BbicTHJiKa 
rHe3^a — HMeeT Kpyrjioro^HHHo HH3Kyio TeMnepaTypy. B neTHHe Mecnijbi b 
HerjiyOoKHx HOpax, okojio 1.5 m, Ha CKJiOHax k»khoh 3Kcno3Hii,HH MaKCHMajib- 
Han TeMnepaTypa hoacthjikh He noAHHMaeTcn Bbime 7 °C, a 3hmoh onycKaeTcn 
AO -8 °C. B rayOoKHx HOpax, 2.0—2.5 m, b Tenemie ro^a AHana30H TeMnepa- 
Typ cocTaBJineT ot -3 ao +3 °C. Ha cTemcax xoaob rjiyGoKHx Hop, pacnojio- 
^ceHHbix Ha CKJiOHax ceBepHoii 3Kcno3Hu,HH, b Tenemie Bcex jieTHHx MecnijeB 
coxpamieTcn mien (CymjOB, CymjOBa, 2006). Ho(J)(J) c coaBT. (1951) nojiarajm, 
hto MHKpo6 nyMbi coBepmeHHO oneBHAHO AOMOHeTpHpyeT aAanTan,Hio k xo- 
jioahoh BHerocTajibHOH (BeKTOpHOii) cpeAO, h nepBHHHbie onarn nyMbi CBH3bi- 
BajiH c «3aMOpO)KeHHOH nyMOii cypKOB». MnKpo6 nyMbi ycneniHO nepCHCrapy- 
eT Ha HCKyccTBeHHbix mrraTejibHbix cpeAax npn hh3Khx nojioncHTejibHbix TeM- 
nepaTypax (EnGmcoBa, KjiaccoBCKHH, 1974; Torosian et al., 2009). 

B cbh3H c ncHxpo(J)HJibHOCTbio 6jiox — nepeHOCHHKOB nyMbi b onarax yMe- 
peHHofi KJiHMaTHnecKofi 30Hbi — yTBepjKAOHHe o TeMnepaTypHOM npe^epeH- 
AyMe nyMHOro MHKpoGa okojio 27 °C KaK oGmeii aAanTau,HH k oGnraHHio b op- 
raHH3Me nepeHoenHKa (EnGmcoBa, KjiaccoBCKHH, 1974; Anisimov et al., 2005; 
Schotthoefer et al., 2011; Hinnebusch et al., 2017b) HaM npeACTaBJineTcn He 
BnojiHe KoppeKTHbiM. no xapaKTepy napa3HTH3Ma Gjiox othocot k hopobmm 
noACTeperaiomHM KpoBOCOcaM, BpeMn hx KOHTaKTa c xo3hhhom HcnHCJineTcn 
kopotkhm npoMencyTKOM KpoBococamin, AnninHMcn HecKOJibKo MHHyr (Bame- 
hok, 1988). Ben ocTajibHan ncH3Hb npoTexaeT b yGencmije xo3HHHa, rAe TeM¬ 
nepaTypa B03Ayxa b onarax nyMbi b npHpOAHbix 30Hax c yMepeHHbiM h xo- 
jioahbim kjihmbtom BpnA jih AOcraraeT TaKoii BejiHnHHbi. TeMnepaTypHyio 3a- 
BHCHMOCTb CBOHCTB nyMHOTO MHKpoGa, nO-BHAHMOMy, npaBHJIbHee CBH3bIBaTb 
c aAanTarnieH k opraHH3My reTepoTepMHbix (5—37 °C) 3HMHecnnin,Hx xo3neB. 
npn peryjinpHbix 3hmhhx npocbinaHHnx TeMnepaTypa Tejia cypKOB h cycjiHKOB 
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H3MeHfleTCfl HepaBHOMepHO, MaKCHMajibHaa cKopocTb pa3orpeBa OTMenaeTca 
b ^Hana30He T t 20 — 30 °C (Arnold, 1988, 1993; Oilman, Heldmaier, 2000; 
AHy4)pneB, 2008). B 3 tom TeMnepaTypHOM ^nana30He b opraHH3Me npocbina- 
lomnxcfl 3HMHecn5iin;Hx MneKonuTaion^Hx (cypKOB, cycmncoB) nponcxoAHT Me- 
TaSominecKHH «B3pbiB», b TeneHne KopoTKoro npoMe^cynca BpeMeHH, ot ae- 
CflTKOB CeKyHA AO HeCKOJIbKHX MHHyT HJIH AOCJITKOB MHHyT, MHOrOKpaTHO 

(b 50—100 pa3) yBejiHHHBaeTC^ noTpedjieHne KHCJiopOAa h aKTHBHOCTb hm- 
MyHHbix npon,eccoB (Prendergast et al., 2002; Carney et al., 2003; Bouma et al., 
2010). 3to npeAnonaraeT hcoOxoahmoctb cooTBeTCTByiomeii a^anTau;™ 6y- 
Aymero B036yAHTera nyMbi k HMMyHHOMy «B3pbiBy» b oprami3Me nepBHHHoro 
xo3^HHa b yKa3aHHOM TeMnepaTypHOM Anana30He. 

Ba^CHon OKOJiornHecKon xapaKTepncTHKon cypicoBon 6 jioxh O. silantiewi 
nBJineTCn ee KpynioroAHHHoe pa3MHO>KeHHe (^Kobtbih, IlemKOB, 1958). B jiio- 
6oe BpeMH ro^a xa k b ce30H Ha3eMHon bkthbhocth cypKOB, TaK n b nepnoA 
3HMHen CnflHKH, B rae3AaX nOCTOflHHbIX H 3HMOBOHHBIX Hop MO)KHO BCTpeTHTb 
Bee (J)a3bi pa3BHTH5i: aha a, jihhhhkh, KyKOJiKH, HMaro. IIpHHeM b 3HMHne Mec z- 
Abi, bo BpeMii cranKH cypKOB, nncjieHHOCTb HMaro b rae3Aax AOCTHraeT ce30H- 
Horo MaKCHMyMa (donee 700 3K3. b oahom rHe3Ae) (CymjOB, CyHijOBa, 2006). 

Oropsylla silantiewi ABjnieTCfl 3(})(})eKTHBHbiM nepeHOCHHKOM nyMbi b nony- 
jihaidix cypKOB. 3apa)KeHHbie 6jioxh, coACp^Kamnec^ npH hh3koh nojio^CHTejib- 
hoh TeMnepaType cpeAM 0 — 15 °C, MOryT )khtb h ycnemHO nepeAaBaTb B03dy- 
AHTera ao roAa. Ilpn TeMnepaType 8—10 °C 6jiok npeA^enyAKa (jiopMHpyeTcn 
nepe3 7 —20 AHeii y 10—23 % 3apa)KeHHbix 6jiox (Ho(J)(|), 1941; EndHKOBa, 
KjiaccoBCKHH, 1974). 

B npoSneMe npoHCxoJKAemDi MHKpoda nyMbi ot nceBAOTy6epKyjie3Horo 
npeAKa Handojiee TanHCTBeHHbiM ocTaeTca Bonpoc o MexaHH3Me B03HHKHOBe- 
hhji nceBAOTy6epKyjie3HOH SaKTepneMKH y hcxoahoto xo3^HHa, 6e3 KOTopoii 
4)opMHpoBaHHe ycTOHHHBoir TpaHCMHccHBHoii nepeAann npeACTaBJiiieTCii co- 
BepmeHHO HeB03MO)KHOH. H3BeCTHbIM Mr-MOAOJi™, CBM3bIBaK)IAHM CTaHOBJie- 
HHe TpaHCMHccHBHoii nepeAann c BCTpaHBarnieM (J)aKTopoB TpaHCMHccHH (re- 
hob, reHHbix 6jiokob, njia3MHA) b mhkpo6hbi e nceBAOTy6epKyjie3Hbie KJieTKH 
H3BHe, HeAOCTaeT 3KOJiorHHecKoii BajiHAHOcra, Me^CAy TeM KaK H3yneHHe B3an- 

MOOTHOHieHHH X03HHH/B036yAHTeJIb - 3TO B dOJIblHOH Mepe 3K0JI0rHHeCKafl 

(3TOJioranecKaii, 3THOJiorHHecKaji) npo6jieMa. /JeiiCTBHTejibHO, kjhoh k nOHH- 
MaHHio npoijecca BHAOo6pa30Bamni MHKpo6a nyMbi Mbi HamjiH b pernoHajib- 
hoh (reorpa(J)HHecKOH) oco6ohhocth noBeAemni cypKOBOH 6jioxh O silantiewi. 
CymecTBeHHoft nepToft 3KOJiorHH cypKOBOH 6jioxh, napa3HTHpyK>rqeH Ha cyp- 
Ke-Tap6araHe b IJeHTpajibHOii A3hh, ABjnieTCfl (jiaKyjibTaTHBHafl reMaTO(j)anm 
JIHHHHOK Ha X03HHHe B 3HMHHe MeCflAbl. 

JIhhhhkh 6jiox — AOTpHTO^arn (canpo^arn). Ohh nmaiOTC^ opraHHnecKH- 
mh ocTaTKaMH, CKanjiHBaiomHMHCfl b Hopax h rae3Aax, pe^ce — b otkpbitbix 
MecTax, HanpHMep, Ha jie)KKax xhlahbix. YcTaHOBJieHO, hto jihhhhkh ropa3AO 
SbicTpee h Jiynme pa3BHBaioTCJi, ecJin b cocTaB hx raimH bxoaht KpoBb, HMeH- 
ho ^cejie30COAep^cama^i ee nacTb, t. e. 3pHTpou,HTbi, a TaK^ce SejiKH cbibopotkh 
(Ho(|)$, 1941). OdbiHHO KpOBb AOCTaeTC^ jiHHHHKaM b BHAe cyxHx nojiynepeBa- 
peHHbix Hcnpa^CHeHHH B3pocjibix 6jiox. KaK noKa3ajin CTpHraHOBa h HepHOB 
(1980), y mhothx 6ecn03B0H0HHbix npojiBjnieTCJi mnpOKoe BapbHpOBaHHe, He- 
nocTOHHCTBO nHmeBbix pe^CHMOB. OnTO(J)arH h AOTpHTO(J)arH nacTO nepexoAOT 
K Ce30HHOMy, 4>a30B0My H (J)aKyJIbTaTHBHOMy XHHIHHHeCTBy, OCOdeHHO JIHHHH- 
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kh pacTHTejibHOflAHbix HaceKOMbix CTapniHx B03pacT0B nepeA OKyKJiHBaHHeM. 
TeM caMbiM ohh BocnojironoT HeAOCTaTOK b pacTHTejibHoii nnme 6ejnca, Heo6- 
xoahmoto a™ 3aBepmeHHn jihhhhohhoh (^a3bi. 

CpeAH HaceKOMbix c nojiHbiM npeBpameHHeM cjiynan, KorAa napa3HTH3M 
CBOHCTBeH JIHHHHOHHOH H HMaTHHaJIbHOH (J)a3aM OAHOBpeMCHHO, BCTpenaiOTCJI 
KpaiiHe peAKO. JIhhhhohhbih napa3HTH3M 6jiox TaK)Ke He othochtca k ninpoKO 
pacnpocTpaHeHHOMy nBJieHHio. riepexoAbi Ha TenjioKpOBHbix xo3aeB, reHera- 
necKH 3aKpenjieHHbie b ijHKJie pa3BHran, H3BecTHbi y jihhhhok 6jiox HOMaAHbix 
)KHBOTHbIX, He HMeiOHJ,HX nOCTOJIHHbIX HJIH A™TeJIbHO HCnOJIb3yeMbIX y6e^CHLA 

THna HOpbi hjih rae3Aa (Beaucoumu, 1973; Rothschild, 1975; BameHOK, 1988; 
Beaucoumu, Launay, 1990; Chastel, Beaucoumu, 1992; Guiguen et ah, 1993). 
JIhhhhkh Tunga penetrans Moryr napa3HTHpOBaTb b ko>kc KonbiTHbix h nejio- 
Bexa (Freeman, Madsen, 1949). JIhhhhkh Uropsylla tasmanica ( Pygiopsyll- 
idae ) napa3HTHpyiOT b ko^chom noKpoBe TacMaHHHCKHx cyMnarax xmu,Hbix 
poAa Dasyurus xax 3HAonapa3HTbi (Dunnet, Mardon, 1974). 

Hame JlHHHHOHHbiii napa3HTH3M BCTpenaeTcn KaK (JiaKyjibTaraBHoe HBJie- 
HHe, He 3aKpenjieHHoe reHeTHnecKH b BHAe )KH3HeHHoro ijHKJia, npoHBJiniomee- 
ca b npeACJiax HOpMajibHoro pearnpOBaHim Ha BpeMeHHoe yxyAmeHHe ycjio- 
bhh cpeAbi. TaK, b IO)khoh Ch6hph b 3HMHHe Mec^Abi, KorAa rpyHT npOMep- 
3aeT Ha dojibmyio rjiySHHy, Ha cromjero xo3HHHa nepexoA^rr jihhhhkh 6jiox 
Citellophilus tesquorum h Oropsylla asiatica — napa3HTOB ajihhhoxboctoio h 
AaypcKoro cycjiHKOB (BacnjibeB, ^Kobtbih, 1974; flayjuiep, 1980). IIpH otom 
3HaHHTejibHa^i Macca Sjiohihhbix jihhhhok KOHii,eHTpHpyeTCJi b 3am;eHHbix 
MeniKax cimin,Hx ^chbothbix. 

Oropsylla silantiewi napa3HTHpyeT Ha eBpa3HHCKHx cypKax, ee apeaji npo- 
CTHpaeTCH ot aohckhx CTeneii ao Bepxo^Hbn h KaMnaTKH, ho napa3HTH3M ee 
JIHHHHOK H3BeCTeH TOJIbKO Ha MOHrOJIbCKOM CypKe (BOBHHHCKa^I, OjIOBHHa, 

1946; Ph6ob, 1948; ^obtbih, IlemKOB, 1958; IIpoKonbeB, 1958; PoMaHOBCKHH, 
1961; )KoBTbiii, 1970; CyHijOB, CymjOBa, 2000) (oAHaKo cjieAyoT 3aMeTHTb, 
hto ocoSeHHOCTH 3kojiothh O. silantiewi , napa3HrapyiomeH Ha HepHomanon- 
hom cypKe M. camtschatica , oSnraiomeM b KpaiiHe cypOBbix ycjiOBmix ceBep- 
hoh A3hh, coBepmeHHO He H3yneHbi; to ^ce mo^kho CKa3aTb o 6jioxax poAa 
Oropsylla CeBepoaMepHKaHCKoro KOHTHHeHTa). O. silantiewi MO>i<er OTKJiaAbi- 
BaTb HHii,a b mepcTb cnumHx cypKOB. BbuiynHBHiHecH jihhhhkh He noKHAaiOT 
TeJio xo3HHHa, mrraioTCJi b ero mepcra 3KCKpeMeHTaMH B3pocJibix 6jiox h ao- 
pHBaTaMH ko^chbix noKpoBOB. 3aocb ^ce jihhhhkh OKyKJiHBaiOTCH h 3aBepmaiOT 
MeTaMop4)03. 06 ocoGemiocrax BbimioAa HMaro 6jiox H3 kokohob, npHKpen- 
jieHHbix k mepcTH cypKOB, CBHACTejibCTByeT arperapOBaHHoe pacnpeAOJieHHe 
nyCTbix 6jiomHHbix kokohob Ha HeAaBHO BbimeAuinx H3 3hmhhx Hop mohtojib- 
ckhx cypKax (cm. pncyHOK). TaK, b mepcra 4 cypKOB, OTJiOBJieHHbix 18— 
20 anpejm (nepe3 1—3 hcaojih nocJie BbixoAa H3 3HMOBOHHbix Hop) b TyBHH- 
ckom onare nyMbi, mbi o6Hapy)KHJiH 149 nycrax kokohob, KOTopbie 6bijih 
CKOHii,eHTpHpOBaHbi b ochobhom BOKpyr ocHOBaHHH xBOCTa h b MeHbineii Mepe 
Ha Hapy^CHbix CTopoHax 3aAHHx Jian h rojiOBe (CyHii,OB, CymjOBa, 2006). Hto 
)Ke CTajio npHHHHOH arpernpoBaHHoro OKyKJiHBaHHH jihhhhok O. silantiewi Ha 
Tejie cmmjero cypKa-Tap6araHa? 

TjiaBHaH npHHHHa nepexoAa jihhhhok 6jiox HopoBbix 3HMHecromi,Hx xo3aeB 
k (^aKyjibTaraBHOMy napa3HTH3My b IO^choh Ch6hph h Mohtojihh — ray6o- 
Koe npoMep3aHHe rpyHTa, CBH3aHHoe c yjibTpaKOHTHHeHTajibHbiM kjihmbtom, 
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MecTa JioKanH3aijHH nycTBix kokohob Oropsylla silantiewi Ha t ene MOHron&CKoro cypica-TapdaraHa 
bo BpeMa cn^HKH (^4) h nepBBie Helene nocne BBixo,qa H3 3 hmobohhbix Hop (E). 

Localization of Oropsylla silantiewi flea cocoons on a body of Mongolian marmot-tarbagan during 
hibernating period (A) and first weeks after exit from hibernacula in spring (E). 

cypOBbiMH MajiocHOKHbiMH 3hmbmh. 3hmoh jihhhhkh O. silantiewi nepexoA^T 
H3 npOMep3aK>meit rHe3AOBOit bbicthjikh Ha cmiu,hx xo3aeB. HacTb hx b npo- 
itecce npoH3BOJibHbix nepeMemeHHH b rnepcTH jkhbothbix npomncaeT b poto- 
Byio nojiocTb, me ohh, co3AaBaa CKapn(})HKaii,HH, nHTaiOTca BbiCTynatomeii H3 
paHOK KpOBbK): KpOBb B KHHieHHOM TpaKTe JIHHHHOK MbI o6Hapy)KHJIH y JIHHH¬ 
HOK, H3BJieHeHHbIX H3 pOTOBOH nOJTOCTH CMIUHX CypKOB. Ilepe^ OKyKJIHBaHH- 
eM JIHHHHKH, HaKOnHBHIHe 3HaHHTCJIbHbie 3anaCbI ^CHpa, BbinOJl3aK)T H3 pOTO¬ 
BOH nojiocTH h npHKpenji^iOTC^ k mepcra b 6jiH^caitmeM MecTe. CypKH cihit, 
CBepHyBHiHCb b map, npn otom pot npHJieraeT k ocHOBamno xBOCTa, a 3a^HHe 
Hora — k HjeKaM, oToio^a JierKo npe^onpeaeJinTb MecTa npHKpenjieroni ko¬ 
kohob. 

«3aHaTOHHbiit», no Bbipa^Kemno Banjemca (1988), napa3HTH3M jihhhhok 
O. silantiewi 3apOAHJica othochtcjibho hca^bho, npoflBjnieTCfl tojibko no otho- 
meHHio k MOHTOJibCKOMy cypKy, o6HTaiomeMy b ycjiOBHux yjibTpaKOHTHHeH- 
TajibHOro KJiHMaTa U,eHTpajibHOit A3hh, h o6ycjiOBJieH npocTeitmeH nOBeAOH- 
HecKoit peaKttHeit — nojio^CHTejibHbiM TepMOTaKCHCOM. >Ibho Bbipa^ceHHoro 
HacjieACTBeHHoro 3aKpenjiemDi otoh noBe^eHnecKOH peaKijHH b ^ch3hchhom 
ipiKJie i4eHTpajibHo-a3HaTCKHX nonyjnmHif O. silantiewi He npoH3onuio. Mo/jh- 
(JjHKaiiHOHHan noBe^eHHecKafl H3MeHHHB0CTb He co3^aeT hoboh HacJie/jcTBeH- 
HOH (])OpMbI, HOBOTO TaKCOHa, HO OHa MO^CeT CJiy^CHTb HHAHKaTOpOM, nOKa3bI- 

BatontHM HanpaBJieHne OBOJiionmi (IllMajibray3eH, 1983). Cxoactbo 5KH3HeH- 
hmx ijhkjiob pa3JiHHHbix nouyjinuym O. silantiewi Ha BceM npoTJDKeHHH apeajia 
CBHACTejibCTByeT o tom, hto reMaTO^armi — ^aKyjibTaTHBHoe rotmeBoe noBe- 
Aemie jihhhhok 3Toh 6jioxh Ha MOHTOJibCKOM cypKe-Tap6araHe — yKJia^bi- 
BaeTcn b HopMy peaKiiHH h He cocTaBJineT reHeTHHecKH 3aKpenjieHHoro obo- 
jHOifHOHHoro c^BHra. IlepexoA jihhhhok k napa3HTHpoBaHHio CBmeTeJibCTBy- 
eT Jinmb o JiaSnjibHOCTH noBeAenmi npn BbiSope a/jeKBaTHbix ycjiOBHH b 
HMeioineMCH TeMnepaTypHOM KOHTHHyyMe cpe^Bi 3BepeK — THe3AO noKa eme 
6e3 neTKO Bbipa^ceHHoro OBOJnoijHOHHoro nepexom JiOKajibHOH nonyjiHii.HH b 
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HOByio 3KOJiorHHecKyK) HHiny co cmchoh ijHXJia pa3BHTHH. TeMnepaTypHbin 
KOHTHHyyM c £Hana 30 H 0 M ot -8 (mhhhm a jilh a ji TeMnepaTypa THe3AOBon bli- 
cthjixh b HerjiySoKHx Hopax b KOHu;e 3 hmbi) ao 37 °C (TeMnepaTypa Tena npo- 
CHyBmnxcii aKTHBHtix cypKOB) npe^ocTaBraeT JimnnixaM O. silantiewi B03- 
mokhoctb am aKTHBHoro noHCKa onTHMajibHon TeMnepaTypbi, cooTBeTCTByio- 
men nx TeMnepaTypHOMy npe^epeH^yMy. Ka3ajiocb 6bi HeSjiaronpHjrraoe 
CHH^ceHne TeMnepaTypbi ORpy^caiomen cpeAM ao OTpnqaTejibHbix 3HaneHHH 
AM nacra jihhhhox, nonaAaiomnx b pOTOByio nojiocTb cramnx cypKOB, Ha- 
npOTHB, OKa3ajiocb npe3BbinanH0 BbiroAHbiM, Tax xa k ohh nouynnini bo3mo>x- 
hoctb nnTaTbcu Bbicoxo xajiopHHHon nmnen — MyxonAHon TxaHbio n ^chboh 
xpoBbio, o neM MO)xeT CBHAeTejibCTBOBaTb Hajinnne pa3BHToro mipoBoro Tejia 
y JIHHHHOX, H3BJieHeHHbIX H3 pOTOBOH nOJIOCTH CimUJJtX CypXOB (CyHAOB, CyH- 
AOBa, 2006). 

OopMHpOBaHne yHnxajibHoro noBeAerora jihhhhox O. silantiewi — (jiaxyjib- 

TaTHBHOH JIHHHHOHHOH TeMaTO^aTHH-MO)XHO HaAOXHO CBH3aTb C HaCTynJie- 

HneM nocjieAHero MaxcnMajibHoro capTaHOxoro noxojiOAaHnu b no3AHeM 
njiencTOAeHe. 3 tot BpeMeHnon py6e)x yAOBJieTBOpnTejibHO corjiacyeTcn c 
AaTHpOBXon nponcxoacAerom MHxpoSa nyMbi He paHee npn6jin3HTejibHO 
30 Tbic. JieT Ha3aA, ycTaHOBJieroiOH mctoaom «MOJiexyjmpHbix nacoB» (Acht- 
man et al., 1999, 2004; Morelli et al., 2010), n c hobbimh abhhbimh no HCTopnn 
BenHon Mep3JiOTbi b ro6n (Mohtojihh), tac MOp03Hbie MeTaMOp(|>03bi non- 
BO-rpyHTOB, cBHAeTeJibCTByiomne 06 ycTOHHHBOM npoMep3aHnn BepxHnx cjio- 
eB Ha rjiySnHy pacnojio^xeHHii 3 hmobohhbix xaMep MOHrojibcxoro cypxa, ao 
2 m, cooTBeTCTByioT capTaHoxoMy BpeMeHH 22 — 15 tbic. JieT Ha3aA (Owen 
et al., 1998). 

PaccMOTpeHHbie nepra sxojiothh MOHrojibcxoro cypxa n cnen;H(J)HHecxoH 
6 jioxh eBpa3HHCxnx cypxoB O. silantiewi no3BOJMK)T cocTaBHTb npeACTaBJie- 
Hne 06 3xoJiornnecxnx oScTOflTeJibCTBax, npn xoTopbix xpoBb cypxa n ero 3x- 
cxpeMeHTbi oxa3ajincb b TecHOM y ctohhhbom xoHTaxTe. KoHTaxT xpoBb/oxcx- 
peMeHTbi, coBepineHno He aAanTHBHbiii am cypxa-Tap6araHa, CTaji npeAno- 
Cbuixoii am MaccoBoro npoHHXHOBeHHH nceBAOTy6epxyjie3Horo MHxpoSa 
nepe3 cxapH^mxaijHH b xpoBb cronijHx ^chbothbix, h cjio^khjihcb ycjiOBim £jm 
3BOjnon,HOHHOro nepexOAa canp0300H03H0r0 xnmeHHOro napa3HTa b o6jinraT- 
hoto xpOBenapa3HTa. npeACTaBJieHHbin oxojiorHnecxHH CK))xeT, oSthchhio- 
hj,hh B03HHXHOBeHne o6n3aTejibHon CTapTOBon SaxTepneMnn y nepBHHHoro 
xo3^HHa MHXpo6a nyMbi npocTbiM MexaHHnecxHM, He cneii;HajiH3HpoBaHHbiM 
nyreM, He TpeSyeT npHBJieHemra Mr-napaAHiMbi ropn30HTajibHoro BCTpama- 
hhh (jiaxTOpOB BHpyjieHTHOCTH h TpaHOMHCCHH h xoponio coraacyeTca C nOJlO- 
)XeHHHMH COBpeMeHHOH CHHTeTHHeCXOH TeOpHH 3BOJHOIJHH (CeBepijOB, 2007). 


BJIOK nPEfl^CEJiyflKA HMArO 0. SILANTIEWI 
KAK QAKTOP TPAHCMHCCHH 

B npoijecce BHAOo6pa30BaHini MHxpoSa nyMbi npHHHMajiH ynacTHe 2 (|)a3bi 
pa3BHTHn 6 jioxh O. silantiewi : jihhhhxh h HMaro. JIhhhhxh, xax mbi noxa3anH 
Bbirne, CbirpajiH Ba^XHyio ponb bo bhcapchhh nceBAOTy6epxyjie3Horo MHxpo6a 
b «xojiOAnyio» xpoBb cimmero xo3HHHa h b o6ecneneHHH CTapTOBOH 6axTepne- 
MHH-06fl3aTeJIbH0T0 yCJlOBHfl AM TpaHOMHCCHH B036yAHTeJIH HH^eKAHH ne- 
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pe3 yKycw 6jiox. ^anee 3CTa(^eTy iiphhhjih B3pocjibie 6jioxh, oSecneunBiiiHe 
OnTHMaJIbHblH pe^CHM TpaHCMHCCHH. 

CTapTOBan nceBAOTy6epKyjie3Ha5i 6aKTepHeMHH b nonyjiHrpnix cypKa-Tap- 
6araHa 6biJia cjicactbhcm Hecneu,HajiH3npoBaHHoro paHeBoro 3apa)KeHHH 
BCJieACTBue HapymeHPM cjih3hctoh potoboh nojiocra jiHHHHKaMH 6jioxh O. si- 
lantiewi. TaKOH cnoco6 3apa^ceHKH o6ycjiOBJieH HCKjnouHTejibHO 6noreoi;eHO- 
THnecKHMH (JiaKTOpaMH (HOpocTponrejibHaH A^TejibHOCTb cypKa-Tap6araHa, 
capTaHCKoe noxojiOAaHHe, nojiOHCHTejibHbiii TepMOTaKcnc jihhhhok 6jiox) h He 
TpeSoBan KaKHx-jiH6o HOBbix a^anTau;™ MHKpo6a k npeoAOJieHHio orarrejiH- 
ajibHbix 6apbepoB. npHHijHn 3apa)KeHHH uepe3 jiHHHHOHHbie CKapH^HKaijHH h 
nepe3 yicycbi 6jiox, no SojibmoMy cueTy, eauHbiH — paHeBon: jihhhhkh npo- 
rpbi3aK)T 3nHTejiHajibHbin cjioh b potoboh nojiocra cypKOB h AOCTHraiOT Kpo- 
BeHOCHblX KanHJIJIMpOB H JIHM(J)aTHHeCKHX COCyAOB, OTKpbIBafl B036yAHTeJH0 
npHMOH AOCTyn b KpOBb h cySonHTejiHajibHbie TKaHH; B3pocjibie 6jioxh «npo- 
CBepjlHBaiOT)) JiaiJHHHHMH OnHTeJIHaJIbHblH CJIOH C TeMH ^ce nOCJieACTBIDIMH. 
Ho TpaHCMHCCHH B3pocJibiMH SjioxaMH noTpeSoBajia cymecTBemibix AonoJiHH- 
TejibHbix a^anTai^HH, xoth b ijejiOM «mojioaoh» MexaHH3M TpaHCMHCCHBHOH 
nepe^aHH MHKpoSa uyMbi ocTajicn npHHu.HnHajibHO Hecneijn^HHecKHM, TaK 
KaK MHKpoS He npOHHKaeT B KJieTKH H TKaHH 0JIOXH H COXpaHHeTCH TOJIbKO B 
coAepncHMOM nHmeBapHTejibHoro TpaKTa (BameHOK, 1988). 

TpaHCMHCCHBHan nepe^ana uyMHoro MHKpo6a SjioxaMH ocymecTBJineTCH 
coneTaHHeM AByx cnocoSoB: hphmhthbhbim MexaHHuecKHM h 6oJiee cjio^hbim 
6jiokobbim, MencAy kotopbimh hmciotch nepexoAbi (HotJxJ), 1941; EnSHKOBa, 
KjiaccoBCKHH, 1974; Hinnebusch, 2005; Hinnebusch et al., 2017b). Y cypoubeii 
6 jioxh O. silantiewi cpaBHHTejibHan pojib KancAoro H3 3 thx cnocoboB nepeAauH 
CJia6o HCCJieAOBaHa. HaAO nojiaraTb, 6biCTpbiii MexaHHuecKHH nepeHOC b ko- 
pOTKHe CpOKH, AO HeCKOJIbKHX CyTOK nOCJie KpOBOCOCaHHH, KaK AOMHHHpyiO- 
ih,hh cnocob HMeji MecTO npeHMymecTBeHHO npn BHyTpHceMeiiHOH nepeAaue b 
bojibniHx rpynnax CKyneHHbix b 3HMHHe MecHii,bi 3BepbKOB. CymecTBeHHbix 
KoaAanTau,HH MHKpoSa h 6jioxh npn 3 tom He TpebyeTCH (Vetter et al., 2010). 
B jieTHHe MecHijbi, KorAa (J)H3HOJiorHHecKH nojiHOijeHHbie cypKH HaxoAHTCH b 
aKTHBHOM coctohhhh, MHKpob nceBAOTy6epKyjie3a b hx opraHH3Me nOABep- 
HceH 6e3ycJiOBHOH 3JiHMHHau,HH. B 3tot nepnoA roAa b coxpaHeHHH kjiohob 
Y. pseudotuberculosis , BCTaBiiinx Ha nyTb npeo6pa30BaHHH b Y. pestis , ochob- 
Hyio pojib HrpajiH 3apaHceHHbie B3pocJibie 6 jioxh, KOTopbie* HaxoA^cb b xojioa- 
hhx (-8...+7 °C) rae3Aax xo3HHHa, AOJDKHbi 6buiH «nepeHecTH» B036yAHTeJin 
nepe3 ce30H Ha3eMHoft aKTHBHocTH cypKOB (anpejib—ceHTHSpb) (CymjoB, 
2012, 2014). 3to npHBejio k BbipaSoTKe 6ojiee TecHbix obojhoahohhbix CBH3eii 

MHKpoSa H 6jIOXH, npOHBHBIHHXCH B MeXBHH3Me npOJIOHTHpOBaHHOH SjIOKOBOH 
TpaHCMHCCHH, 3aKpemieHHOH reHeTHnecKH. Oahhm h3 HanSojiee royueHHbix 
reHeTHnecKHx (jiaKTopoB TpaHCMHCCHH nyMHoro MHKpoba HBJineTCH reH ymt , 
KOAHpyiOIAHH H OnTHMH3HpyiOmHH, HapHAy C XpOMOCOMHbIM JIOKyCOM JlMS , 

MeTaboJiHnecKHe npoijeccbi, cBH3aHHbie c (jiopMHpoBaHHeM mhkpoShoh 6ho- 

nJieHKH H 06pa30BaHHeM 3KCTpaijeJIJIK)JIHpHOrO MaTpHKCa - BHeKJieTOHHOH 

ochobbi SjiOKa (Hinnebusch et al., 2017b). 3tot reH, KaK h Sojibrnan nojiH^yH- 
KijHOHajibHaH njia3MHAa pFra, Ha KOTopoii oh jioKajirooBaH, OTcyTCTByeT y 
nceBAOTy6epKyjie3Horo Mmcpoba h Apyrnx HepCHHHH (McNally et al., 2016). 
TaKHM o6pa30M, oKOJiorauecKHH cii;eHapHH reHe3Hca TpaHCMHCCHBHOH nepeAa- 
hh npeAnonaraeT Mop$oreHe3 CTpyKTyp h (jiymajHii y MHKpoSa Y. pestis 5 o6ec- 
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nenKBaiomux TpaHCMHCCHBHyio nepe^any b nonyjnmHH(flx) MOHrojibCKoro 
cypKa-Tap6araHa, ho He cajibTaijHOHHoe ee B03HHKH0BeHHe nyreM mr (Kpyn- 
hmx njia3MH^), KaK nonaraioT Mr-HccjieaoBaTejra (Sun et aL, 2014; Hinne- 
busch et al., 2016). 


3AKJIIOHEHHE 

EjiaroAapa oKOJiorauecKHM, najieobHOJiorHuecKHM h MF-AaHHbiM, nony- 
ueHHbiM b nocneAHHe Aec^rajieTHH, Hayica Bee b OojibineH Mepe npH6jiH)KaeTCfl 
k pemeHHio TaKoii aKTyajibHOH h a3apTHoii npoSneMbi uenoBeuecTBa, KaK npo- 
HcxoK^eHHe h MHpoBoe pacnpocTpaHeHne B036yzjHTejiii uyMbi Y. pestis. Mojie- 
KyjiflpHaji reHeraKa pacniHpHJia h yrjiybHJia HaniH 3HaHra o BHyrpHBH aoboh 
CT pyKType Y. pestis , BHecna cymecTBeHHbiii BKJiaA b coBpeMeHHyio CHCTeMa™- 
Ky po^a Yersinia , AOBena ao coBepmeHCTBa MeTOAM AnarHOCTHKH B036yAHTe- 
jim. Ho npoSneMa BHAOo6pa30BaroDi MHKpoSa uyMbi b ijejiOM He MO^tceT Sbitb 
perneHa b paMKax HCKJiiowrejibHO MT-noAxoAa. Hayuemie BonpocoB obojiio- 
h;hh — npe^K^e Bcero no3HaHHe OKOJiornuecKHx aAanTaiiHH, pacKpbiTHe B3an- 
MOOTHOUieHHH H B3aHMOAeHCTBHH BH^OBblX nOnyJHHj;HH H BHyTpHBHAOBbIX 
(j)opM. npeAJio)KeHHa^ CTaTbfl HanuiAHO HJunocTpHpyeT otot Te3nc. Kpae- 
yrojibHbiM KaMHeM npoSneMbi BHAOo6pa30BamDi B036yAHTejni uyMbi cny^CHT 
MexaHH3M ycTOHHHBOH h HHTeHCHBHoii nceBAOTy6epKyne3Hoii SaKTepHeMHH B 
nonyji^uHH^x) nepBHHHoro xo3^HHa uyMHoro MHKpoSa. npeAJiaraeMbiii hbmh 
3KOJiorHHecKHH toaxoa CBHAeTeJibCTByeT b noJib3y AempajibHoii poira jthhh- 
hok h HMaro cypKOBOH 6 jioxh O. silantiewi b co3AaHHH CTapTOBoii nceBAOTy- 
6epKyjie3HOH 6aKTepHeMHH b nonyrauH^x MOHrojibCKoro cypKa nOA bo3achct- 
BneM (|)H3HK0-KJiHMaTHHecKHx (JmKTOpOB cpeAbi h obecneueHnn nocjieAyiomeH 
TpaHCMHCCHH nepexoAHoii 4>opMbi MHKpoSa pseudotuberculosis/pestis. B to )Ke 
BpeM^i 6ypHO pa3BHBaioH];HHCii Mr-noAXOA noAAep^cHBaeT hack) ropH30HTajib- 
hoto 3aHMCTBOBaHH^ H3BHe reHeTHuecKHx (J)aKTopoB, obecneuHBaiomHx bo 3- 
HHKHOBeHHe h noAAep)KaHHe SaKTepHeMHH h cajibTaipiOHHbiH «nepecKOK» 
«oco6eii» Y. pseudotuberculosis b Y. pestis . PemeHHe 3 toh anbTepHaraBbi mbi 

BHAHM B KOHCOJIHAaiJHH OKOJlOTHHeCKOrO H MT-nOAXOAOB. 3K0Jl0THHeCKHH 

noAxoA, 6ojiee HacbimeHHbiii SHOJiorHuecKHM coAep^KaHHeM, motkqt CTaTb 
H0Jib-rHn0Te30ii, Ha ocHOBe KOTOpoii bo3mo>kho pa3BHrae eAHHoro Henpo™- 
BopeuHBoro OKOJioro-MOJieKyjnipHo-reHeTHHecKoro cijeHapHfl npoHcxovKACHHA 
MHKpoba uyMbi H3 KJioHa nceBAOTy6epKyjie3Horo MHKpoda b KomcpeTHOM 6 ho- 
reoii;eH03e, b KOHKpeTHoe OBOJiioitHOHHoe BpeMfl, b KOHKpeTHOM reorpa^Hue- 
ckom paiiOHe MHpa. 
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EXCLUSIVE ROLE OF SPECIFIC MARMOT FLEA OROPSYLLA SILANTIEWI 
(CERATOPHYLLIDAE: SIPHONAPTERA) IN SPECIATION OF YERSINIA PESTIS , 
CAUSATIVE AGENT OF PLAGUE 

V. V. Suntsov 

Key words', natural plague foci, Yersinia pestis , vector of plague infection, Oropsylla 
silantiewi , larval hematophagy of fleas, Sartan cooling. 

SUMMARY 

The causative agent of plague, Yersinia pestis , is unique within the family of intestinal 
pathogens Enterobacteriaceae because it is transmitted between hosts by flea bites. This 
method of transmission reflects the unique natural circumstances of Y pestis speciation. It 
is shown that the conversion of the population (clonal complex) of E pseudotuberculosis 
0:1b into the population of the causative agent of plague was accomplished in the host-pa¬ 
rasite system of Mongolian marmot — tarbagan (Marmota sibirica) — marmot flea Oro¬ 
psylla silantiewi. The inducer of speciation was the last maximal (Sartan) cooling in Nort¬ 
hern and Central Asia and deep soil freezing. Freezing caused behaviour modification in 
larval fleas — conversion during the winter months from saprophagy in nests of hosts to 
hematophagy in the mouth cavity of sleeping marmots. Scarification, caused by flea larvae 
in the oral cavity of sleeping marmots, became the «gateway» for mass infection of mar¬ 
mots by pseudotuberculosis infection through trauma. Such trauma resulted in intense bac¬ 
teremia, which is the compulsory starting requirement for formation of vector-borne trans¬ 
mission by adult fleas. 
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